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Abstract

Background

Prostate cancer (PCa) is rated the second most common cancer and sixth leading cause of
cancer deaths among men globally. Reports show that African men suffer disproportion-
ately from PCa compared to men from other parts of the world. It is still quite difficult to accu-
rately describe the burden of PCa in Africa due to poor cancer registration systems. We
systematically reviewed the literature on prostate cancer in Africa and provided a continent-
wide incidence rate of PCa based on available data in the region.

Methods

A systematic literature search of Medline, EMBASE and Global Health from January 1980
to June 2015 was conducted, with additional search of Google Scholar, International Asso-
ciation of Cancer Registries (IACR), International Agency for Research on Cancer (IARC),
and WHO African region websites, for studies that estimated incidence rate of PCa in any
African location. Having assessed quality and consistency across selected studies, we
extracted incidence rates of PCa and conducted a random effects meta-analysis.

Results

Our search returned 9766 records, with 40 studies spreading across 16 African countries
meeting our selection criteria. We estimated a pooled PCa incidence rate of 22.0 (95% Cl:
19.93-23.97) per 100,000 population, and also reported a median incidence rate of 19.5
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per 100,000 population. We observed an increasing trend in PCa incidence with advancing
age, and over the main years covered.

Conclusion

Effective cancer registration and extensive research are vital to appropriately quantifying
PCa burden in Africa. We hope our findings may further assist at identifying relevant gaps,
and contribute to improving knowledge, research, and interventions targeted at prostate
cancer in Africa.

Introduction

Cancer already constitutes a major public health burden globally [1]. Over the last 20 years, an
increasing trend has been observed in the new cases and deaths from different cancers world-
wide, especially in low-and middle-income countries (LMICs), owing to varying lifestyle and
behavioural patterns, and geographic and environmental factors [2, 3]. In 2012 alone, there
were 14.1 million new cases and 8.2 million deaths from cancer worldwide [4]. This burden is
further expected to rise, with over 75 million prevalent cases, 27 million incident cases and 17
million cancer deaths expected globally by 2030 [5, 6]. Evidence suggests that most new cases
of cancers are now found in Africa and LMICs, increasing from 15% in 1970, to 56% in 2008,
and projected to reach about 70% by 2030 [1, 7, 8]. These are mostly related with rapid popula-
tion growth, increasing life expectancy, urbanization with progressively westernized lifestyles,
and high prevalence of HIV/AIDS in this region [9]. In 2012, Ferlay et al. reported that age spe-
cific incidence rates of cancer from all sites in Africa were 115.6 and 132.4 per 100,000 among
men and women, respectively [4]. According to the 2011 United Nations high level committee
on Non Communicable Diseases (NCDs), the focus of many stakeholders has turned towards
addressing the growing burden of cancers and other non-communicable diseases (NCDs) [10],
especially in Africa and other LMIC, where an existing high burden from infectious diseases
has contributed to a prevalent double burden of disease [11].

Worldwide, prostate cancer (PCa) is rated the second most common cancer and sixth lead-
ing cause of cancer deaths among men, with over 1.1 million cases and 300,000 deaths esti-
mated in 2012 [3, 4, 12]. The 2013 Institute for Health Metrics and Evaluation (IHME) study
further reported an increasing disability adjusted life years (DALYs) and mortality from PCa,
with an estimated 61% and 83% increase in DALYs and deaths from PCa respectively between
1990 and 2013 [13, 14]. In sub-Saharan Africa (SSA) alone, IHME estimated that DALY from
prostate cancer increased from 100,200 in 1990 to 219,700 in 2010, and deaths also increased
from 5,600 to 12,300 over the same period [15, 16]. In the GLOBOCAN 2012 reports PCa inci-
dence and mortality rates in Africa were reported to be 23.2 and 17.0 per 100,000, respectively
[4]. While this was relatively lower than reported in some other world regions, some authors
argued that African men suffer disproportionately from PCa compared to many parts of the
world [17]. In fact, evidence shows that mortality rates from PCa are generally higher in pre-
dominantly black African populations compared to other races [18]. These variations were also
observed in the patterns and presentations of PCa between northern and sub-Saharan African
regions [19, 20]. Reports show that lower PCa incidence and mortality rates were observed in
northern Africa at 10.6 and 7.0 per 100,000, compared to the average rates in SSA with 34.3
and 22.1 per 100,000, respectively [4]. Some of these variations have been attributed to the rela-
tively higher poverty levels, dietary differences, genetic differences and the presence of
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infectious diseases in SSA [7]. Moreover, some challenges involved in the management of PCa
have also been partly responsible. These include absence of low-cost, community-based screen-
ing and health promotion programmes, late presentation of patients to health facilities (usually
at advanced stages of the malignancy), fewer options of treatment, high cost and/or unavail-
ability of appropriate medications, lack of adequate follow-up, and inherent social norms and
beliefs [12, 21].

Despite this seemingly disproportionate burden and the prevailing challenges, it is still quite
difficult to precisely describe the burden of PCa in Africa due to weak health management
information systems [3, 17, 22]. Many studies reported that poor routine record-keeping in
most health facilities in Africa has been responsible for a relative lack of information and data
on cancers and many health issues on the continent, with this greatly affecting research output,
public health interventions and policy response [23-25]. Only few countries in Africa have
population-based cancer registries, and these are not well-equipped and regularly updated [12,
26]. Ferlay and colleagues, for instance, reported that due to the lack of data on cancers
observed across many countries especially in Africa, some of the country estimates provided in
their report were corrected for under-reporting or incompleteness of cancer registration [4].
Odedina et al. also noted that due to unreliability of cancer registries from Africa and many
developing countries, data from these settings may have been excluded in the estimation of
global cancer burden by some authors; extrapolation were mainly based on data derived from a
contextually similar country with relatively better registration systems [17].

We therefore aimed to systematically review the literature on prostate cancer in Africa and
provide a continent-wide incidence rate based on available data in the region. We hope our find-
ings may further assist at identifying relevant gaps, and also contribute to improving knowledge,
research, and public health and policy interventions targeted at prostate cancer in Africa.

Methods
Search strategy and data sources

Medical Subject Headings (MESH) and keywords were identified and a final search strategy was
developed. A systematic search of Medline, EMBASE and Global Health was conducted, with
publication dates set from 1980 up to June 2015. As most cancer studies were registry-based and
these may be unpublished, we conducted additional searches of Google Scholar, International
Association of Cancer Registries (IACR), International Agency for Research on Cancer (IARC),
and WHO African region websites to gather more data. Global publications on cancer were fur-
ther reviewed; these include: the “GLOBOCAN studies”, “Cancer Incidence in Five Continents
(CI5) series” and “Cancer in Africa: Epidemiology and Prevention”. For studies that were identi-
fied in the databases’ searches, any additional data (when available) on these studies were cross-
checked and matched with our dataset. For identified key authors and relevant search terms, an
e-mail alert was registered. Hand-searching of reference lists of all relevant publications, and
key journals, were finally done to identify more studies that could have been omitted from the
databases’ search. The list of African countries included in the search was based on the World
Bank list of economies [27]. The search terms employed are shown in Table 1.

Study selection

We included population-, hospital, and/or registry-based studies on prostate cancer conducted
primarily on African population groups, and providing numerical estimates on the incidence
of prostate cancer. We excluded studies that had non-human subjects, those conducted before
1980, and others that were mainly reviews, viewpoints or editorials. No language restrictions
were applied.
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Table 1. Search terms for studies of prostate cancer in Africa.
#  Searches

1 africa/ or africa, northern/ or algeria/ or egypt/ or libya/ or morocco/ or africa, central/ or cameroon/ or
central african republic/ or chad/ or congo/ or "democratic republic of the congo"/ or equatorial guinea/
or gabon/ or africa, eastern/ or burundi/ or djibouti/ or eritrea/ or ethiopia/ or kenya/ or rwanda/ or
somalia/ or sudan/ or tanzania/ or uganda/ or africa, southern/ or angola/ or botswana/ or lesotho/ or
malawi/ or mozambique/ or namibia/ or south africa/ or swaziland/ or zambia/ or zimbabwe/ or africa,
western/ or benin/ or burkina faso/ or cape verde/ or cote d'ivoire/ or gambia/ or ghana/ or guinea/ or
guinea-bissau/ or liberia/ or mali/ or mauritania/ or niger/ or nigeria/ or senegal/ or sierra leone/ or
togo/

2  exp vital statistics/ or exp incidence/

3 (incidence* or prevalence* or morbidity or mortality).tw.
4 (disease adj3 burden).tw.

5  exp "cost of illness"/

6  exp quality-adjusted life years/

7  QALY.tw.

8 Disability adjusted life years.mp.

9 (initial adj2 burden).tw.

10 exp risk factors/

11 2or3or4or50r6or7or8or9ori0
12 exp prostate cancer/

13 1and11and 12

doi:10.1371/journal.pone.0153496.1001

Case definitions

From an initial scoping exercise, it was evident that there were not many original population
based cross-sectional or cohort studies on prostate cancers in Africa. Most of the relevant stud-
ies were mainly population-based or hospital-based registries’ surveys. We identified that the
difficulties in cancer diagnosis and lack of trained health staffs (including oncologists) in many
parts of Africa have limited ongoing research efforts. In our preliminary search, we looked for
studies that identified PCa based on clinical suspicion, suggestive prostate specific antigen
(PSA) assay and histological diagnosis. These were not always provided due to incompleteness
of many cancer registries in Africa. This understanding ultimately shaped the overall conduct
of this systematic review.

Based on the above, the case definitions needed to comply with any or a combination of
these three:

1. Studies reporting laboratory-confirmed cases evident from elevated PSA and histology;

2. Studies reporting diagnosis of prostate cancer confirmed by a recognized medical practi-
tioner; and/or

3. Studies with incident cases of cancers classified according to the primary anatomic site
(topography) and cellular characteristics (morphology including histology, behaviour, and
grade) in accordance with ICD-O and ICD guidelines [28-30]

Quality criteria

To ensure a relatively high quality of studies, we further assessed studies for flaws in the design
and collation of data, and if the limitations were explicitly stated. As studies were mainly regis-
try-based, we checked for active or passive cancer registration process, and cancer diagnosis,
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and/or morphologic verification. We assessed the appropriateness of statistical and analytical
methods in the estimation of cancer incidence. As we intended to pool a continent-wide can-
cer-estimate from all studies, we also assessed studies for heterogeneities within and outside
various population groups and if each study was representative of a larger population in the
region that can be generalized to the overall African population.

Data extraction and analysis

All extracted data were stored in 2010 Microsoft Excel file format. Data was extracted systemat-
ically on study location, study period, mean age or age range, population size, and incident
cases. Some studies only reported number of PCa cases without any incidence rate and/or ref-
erence population denominator from which incidence rate can be calculated. We therefore
applied the United Nations demographic projections for the country (for the study period) to
determine the incidence rate. Data were then sorted into five main African regions (central,
east, north, south, and west) and countries represented within each region. From extracted
incidence rates of prostate cancer, we conducted a random effects meta-analysis [31], with
pooled incidence rate expressed per 100,000 population. Overall pooled incidence rates for
Africa and each country represented were estimated. All statistical analyses were conducted on
Microsoft Excel and Stata 13.1 (Copyright 1985-2013 Stata Corp LP). The PRISMA checklist
[32] was employed, and guided the overall conduct of this study (S1 Checklist).

Results
Search results

The literature search returned a total of 9766 publications. Out of these, 9762 publications were
from three databases- Medline (3437), EMBASE (4604) and Global Health (1721). The remain-
ing four studies were selected from other sources earlier described in the methods. After all
studies have been collated and duplicates removed, 6108 records remained. On screening titles
for relevance (Studies providing incidence of PCA in any African location), 5806 studies were
excluded, giving a total of 302 full texts that were assessed. After applying the quality criteria,
262 studies were excluded (129 articles did not specify study designs and / or clarify cancer reg-
istration process, and 133 studies had ambiguous case definitions, without any accompanying
histological confirmation of prostate cancer). A total of 40 studies were finally retained for the
review (Fig 1).

Study characteristics

The retained 40 studies [33-72] were conducted across 16 African countries with Nigeria hav-
ing the highest records (17 studies) (Table 2). Across African regions, Central Africa had 3
studies, Eastern Africa 2 studies, Northern Africa 4 studies, Southern Africa had 9 studies, and
Western Africa 22 studies. 66 data points were extracted in all with Nigeria and South Africa
having highest points at 24 and 22, respectively (S1 Table).

Less than 50% of studies were conducted in population-based cancer registries, which do
not necessarily cover an entire country population; some only covered provinces, districts or
major cities within a country. Most studies were conducted between 1990 and 2009, generating
over 80% of the data points. Periods of studies ranged from 1 year to 18 years with a median
study period of 5 years. Mean age across studies ranged from 38.8 years to 71.2 years, with sub-
jects mostly in the 60-69 years age group (62%), followed by the 50-59 years age group (15%).
Most studies reported a laboratory confirmed histological diagnosis of PCa (Table 2 & S1
Table).
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9762 records identified through

database searching (Medline
3437, EMBASE 4604 & Global Health

4 additional records
identified through other
sources

1721)

9766 records 3960 duplicates
excluded

S806 records excluded
6108 records

3252 studies not report incidence of
prostate cancer in any African location

2554 studies were mainly reviews,
commentaries and view points

302 full-text articles
assessed for
eligibility (selection
and quality criteria)

262 full-text articles excluded \

129 articles did not specify study
designs and / or darify cancer
registration process

\4

40 studies included 2133 studies had ambiguous case
in qualitative definitions, without any accornpanying
synthesis and histological confirmation of prostate

quantitative analysis cancer

N /

Fig 1. Flow chart of search results.

doi:10.1371/journal.pone.0153496.g001

Pooled incidence rate of prostate cancer in Africa

From the 66 data point spreading across 16 African countries, the lowest PCa incidence rates
were from two studies conducted in Lagos, southwest Nigeria between 2005 and 2011, with
both reporting at 0.38/10,0000 population [64, 65]. The highest PCa incidence was also esti-
mated in Ile-Ife, south west Nigeria, at 182.5/100,000 population [61].

The overall pooled incidence of PCa in Africa was 21.95 (95% Confidence Interval (CI):
19.93-23.97)/100,000 population, with a median incidence of 19.47/100,000 population (Fig
2). Highest PCa incidence rates were estimated between 2000-2009 and 1990-1999 at 26.1
(95%CI: 21.0-31.2) and 21.9 (95% CI: 18.9-25.0) per 100,000 population, respectively. Between
1980-1989 and 2010-2015, PCa incidence rates were estimated at 15.7 (95%CI: 12.7-18.8) and
13.3 (1.6-25.1) per 100,000 population, respectively (Table 3 and Fig 3). In the age group analy-
sis, the highest PCa incidence was 39.0 (95% CI: 19.9-53.3)/100,000 population estimated in
people aged 70 years and above. This is followed by 60-69 years with a PCa incidence rate of
25.0 (95% CI: 22.4-27.5)/100,000 population. Incidence rates of 12.9 (95% CI: 7.0-18.7) and
16.3 (10.1-22.4) per 100,000 population were estimated in 40-49 years and 50-59 years,
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Table 2. Study characteristics.

Country,
Location/Registry

Cameroon,
Yaounde [33]

Cameroon,
Yaounde [34]

Rwanda, Butare
[35]

Uganda, Kampala
[36]

Uganda,
Kyadondo [37]

Egypt, Menofeia
[38]

Libya, Benghazi
[39]

Libya, Eastern
region [40]

Tunisia, Souse
[41]

Malawi, Blantyre
[42]

South Africa [43]

South Africa,
Eastern Cape [44]

South Africa,
Eastern Cape [45]

South Africa,
Johannesburgh
[46]

Swaziland [47]

Zambia, Lusaka
[48]

Zimbabwe, Harare
[49]

Zimbabwe, Harare
[50]

Cote d'lvoire,
Abidjan [51]

Gambia [52]
Gambia [53]

Guinea, Conakry
[54]

Mali, Bamako [55]

Afri.can
region
Central
Central
Central
East
East
North
North
North

North

South

South
South
South

South

South
South
South
South

West

West
West

West

West

Study
period

1986—
1990

2004
2011

1991-
1994

1991—
2006

1995—
1997

1992—
1996

2003
2004

1993—
2006

1994—
98

1986—
2006

1998—
2002

2002—
2012

1998—
1999

1996—
1999

1990
2005

1990-
1992

1993—
1995

1995—
1997

1988—
1997

1998—
2006

1992—
1995

1987—
1988

Study
population

41,578
1,299,369
147,001
1,674,384
577,200
2,755,000
660,147
372,196
2,760,900

782,000

15,035,714
1,292,959
724,520

843,102

231,102
1,084,703
537,244
650,600

1,000,342

1,340,000
427,176

6,700,000

646,163

Age
67.7
448
46.5
445
43.2
53.5
53

51.5
50.1

48.5

67.8
47.7
66.9

54.8

55.5
67

51.5
48.2

38.8

49.5

49.7

52.1

Diagnostic criteria

ICD

CanReg5

ICD-9

ICD-0-2

ICD-O (Percy et al. 1990); ICD-10 for

tabulation
Diagnosed by tumor site according to

the ICD-9
ICD-O-3
ICD-10
ICD-10

Histopathology, ultrasound and
endoscopy, radiography, biochemical

tests (AFP). ICD-O-2 used for data entry,

but converted to ICD-10 for tabulation
and morphology

ICD-10, ICD-O-3

ICD-10, ICD-O

ICD-10, ICD-O-3

ICD-9, ICD-O

ICD-O
ICD

ICD-O, ICD-10

ICD-O, converted to ICD-10 for analysis

Histopathology- coded using ICD-0 2nd
edition, converted to ICD-10 for
tabulation

ICD-0, ICD 10
ICD-0-3, ICD 10

Tumor site and histology have been
coded using the ICD-O0 first edition
(WHO, 1976). These codes were
converted to ICD-9 for tabulation

ICD-O (WHO 1976), ICD-9 (Percy & Van

Holten, 1979)

Confirmation of
diagnosis (%)

Histologically verified
Morphologically

verified

Morphologically
verified

Microscopically /
histologically verified

Morphologically
verified

Morphological
(histological/
cytological)
verification

Histologically verified
Histologically verified
Histologically verified

Active case finding

Histologically verified
Death certificates only
(DCO)

Histologically verified

Morphologic
verification

Histologically verified

Morphologically
verified

Death certificate only

Incidence (per
100000)

93.8
11.6
1.02
35.5
39.2*

0.41

30.8*
4.4
9.90*

17.2

215
37.7
20.2
26

314

25
3.46

8.1

4.7

(Continued)
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Table 2. (Continued)

Country,
Location/Registry

Nigeria [56]

Nigeria [57]

Nigeria [58]

Nigeria, Abuja &
Ibadan [59]

Nigeria, Calabar
[60]

Nigeria, lle-Ife [61]
Nigeria, llorin [62]
Nigeria, Kano [63]
Nigeria, Lagos [64]

Nigeria, Lagos [65]

Nigeria, Maiduguri
[66]

Nigeria, Nnewi [67]

Nigeria, Port
Harcourt [68]

Nigeria, Port
Harcourt [69]
Nigeria, Uyo [70]
Nigeria, Zaria [71]

Nigeria, Zaria [72]

African
region

West

West

West
West

West
West
West
West
West

West
West

West
West

West
West
West

West

Study
period

1984-
2004

1990-
1996

1994

2009-
2010

2002

2002—
2004

1989—
1998

1998—
2002

2005-
2011

2012

1987—
2004

2000

1985—
1998
1997—-
2006

2002—
2012

1991
2000
1992—
1996

Study Age Diagnostic criteria Confirmation of Incidence (per

population diagnosis (%) 100000)

21,014,655 65.3 ICD Histologically verified  16.42, 16.31*
(SS), 4.38 (SW),
0.88 (NC), 5.28
(NW)

1,173,422 67.5 ICD-9 - 3.88*

111,000 68.3 ICD Histologically verified  127.0

3,175,413 49.1 ICD-O-3 - 25.9 (Abuja), 17.4
(Ibadan)

236,542 66.6 ICD-O Histologically verified  61.3

103,562 68 ICD-9 Histologically verified  182.5

847,582 69 ICD Histologically verified  58.2

9,383,682 63.7 ICD Histologically verified ~ 0.72

11,200,000 66 ICD-10, ICD-O-3 Histologically verified  0.375

11,200,000 60.8 ICD-10, ICD-O-3 Histologically verified ~ 0.38

1,197,497 71.2 ICD Histologically verified 13.8

391,227 68.3 ICD-9 Histologically verified  4.1*

154,594 71 ICD Morphologically 114

verified

1,382,592 70 ICD-O Histologically verified ~ 14.3

139,073 64 ICD-9, ICD-O-3 Histologically verified 151

760,084 60 ICD-O Histologically verified  19.9

408,198 69.8 ICD Histologically verified  19.8

CD: International Classification of Diseases, ICD-O: International Classification of Diseases for Oncology,
*Estimate in the final year of study.

doi:10.1371/journal.pone.0153496.1002

respectively (Table 4 and Fig 4). Applying this to the United Nations population estimates for
Africa (assuming demographic factors and other population health determinants were fully
accounted for), the pooled PCa incidence rate would amount to about 25,000 cases of PCa
among men aged 40 years and above in Africa in 2015.

Discussion

This study attempted to provide continent-wide pooled estimates of prostate cancer in Africa.
Data employed were from population- and hospital-based cancer registries, with the pooled
estimates provided based on a total population ranging from 42,000 to 15 million. There is rela-
tively low level of research on PCa incidence in Africa, and/or across most African regions.
While the GLOBOCAN studies have provided estimates on major cancer types in Africa over
the years, there are still concerns if their estimates truly reflects the burden of cancer in the
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Fig 2. Forest plot showing pooled incidence of prostate cancer in Africa.
doi:10.1371/journal.pone.0153496.g002

African population, especially due to non-availability of data across many parts of Africa [19,
73]. Ferlay et al. reported that in the GLOBOCAN 2012 study, country estimates were derived
from datasets which have been corrected and modelled to account for under-reporting and
incompleteness of cancer registries in each country [4]. This study therefore provides direct
comparisons with the reported estimates. We assume the low incidence recorded in the Lagos
studies may be connected with the relatively large population size in the metropolis, where
many new PCa cases may not be picked by the cancer registry over the study period [64, 65].
While the higher incidence rate recorded in Ile-Ife may not necessarily be due to a more effec-
tive cancer registry, but could partly be reflecting a higher aging population with PCa (mean
age 68) who present to hospitals in anticipation of better care and cure of the cancer [61]. From

Table 3. Pooled PCa incidence rates over study periods.

Year Data points PCa incidence (per 100000) 95% CI (per 100000)
19801989 8 15.7 12.7-18.8
1990-1999 28 21.9 18.9-25.0
2000-2009 26 26.1 21.0-31.2
2010-2015 4 13.3 1.6-25.1

Total 66 22.0 20.0-24.0

doi:10.1371/journal.pone.0153496.t003
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Fig 3. Distribution of PCa incidence rates over study periods.

doi:10.1371/journal.pone.0153496.9003

our study, we estimated a pooled PCa incidence rate of 22.0 (95% CI: 19.93-23.97)/100,000
population, and to allow detailed understanding of the overall data distribution, we also
reported a median incidence rate of 19.5/100,000 population. Our figures are almost as
reported by Ferlay et al., with an estimated incidence rate of 23.2/100,000 in 2012 [4]. This pos-
sibly validates our findings, and may suggest that Africa is still in this PCa incidence range, at
least based on available data in the continent. We however think active cancer registration and
extensive research are vital to appropriately quantifying this burden in Africa. Meanwhile, we
also observed an increasing trend in PCa incidence with advancing age and over the years cov-
ered in the study (i.e. 1980-2009, excluding 2010-2015 where we retrieved only 4 data points,
see Tables 3 & 4). This is also in line with many reports; for example, advancing age has been
described as a major risk factor for prostate cancer, with a peak incidence among men aged 65
years or higher across many world regions [56]. Moreover, in 1990, incidence rates of prostate
cancer were between 2.6-16.9/100,000 across many parts of Africa [20, 74], with this increasing
to 4.7-38.1/100,000 in 2007 [75]. GLOBOCAN also estimated an incidence rate of 16.0/
100,000 in 2002, with this increasing to 17.5/100,000 in 2008 [6, 76].

Generally, this study attempted to provide pooled incidence rate of prostate cancer in
Africa, compare this with reported global estimates, identify gaps, and inform stakeholders
on the problems arising from lack of detailed cancer registration in Africa. To the best of our
knowledge, this review provides the first systematically derived pooled estimates of PCa

Table 4. Pooled PCa incidence rates over age groups.

Age (years) Data points PCa incidence (per 100000) 95% CI (per 100000)
40-49 10 12.9 7.0-18.7

50-59 11 16.3 10.1-22.4

60-69 41 25.0 22.4-27.5

70+ 3 39.0 19.9-53.3

Total 66 22.0 20.0-24.0

doi:10.1371/journal.pone.0153496.t004
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Fig 4. Distribution of PCa incidence rates over mean age (size of bubble corresponds to population
size).
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incidence in Africa. However, this study could have been constrained by a number of factors.
While the retained studies spread across various parts of Africa, only 16 African countries
were represented and less than 50% of data were from population-based registries. Most of
these cancer registries are restricted to specific locations in the respective countries, and do
not all cover national populations. It is therefore difficult to say that the registry reports were
representative of the total population of the country where the registry is based. In addition,
this study mainly included very few registries from rural areas where more people generally
reside in Africa and they typically reported lower cancer incidence rates, compared to the
urban registries that reported higher incidence rates; this may thus potentially affect our esti-
mates with an under-estimation of cancer burden in rural areas and an over-estimation in
urban areas. Moreover, not all studies reported basis of cancer diagnosis, it was therefore
based on evidences of epidemiological rigours and clinical case ascertainment (active/ passive
case finding) that some studies were included. Another limitation is the widespread varia-
tions within and between study populations. For a combination of studies with such high het-
erogeneity, it may also not be appropriate to pool a summary effect. However, as reported
earlier, there is very low research output in Africa, and the few studies have not been con-
ducted under strict international guidelines, so heterogeneities can be expected. In addition,
restricting our analysis to studies that have the same study design, same sampling frame and
same case definition is almost impossible. Lastly, we still cannot say with all certainty how
closely representative these estimates were of the larger African population, we however pro-
vided median PCa incidence rate to give an insight into the raw data distribution. However,
this study provides ample evidence on the need for more detailed cancer data collation and
registration across many African settings towards ensuring that a true burden of cancer is
reflected.

Challenges in the response to prostate cancer in Africa

The absence of effective low-cost PCa screening facilities and health promotion programmes
across many African countries has been a major challenge in the management of PCa [77].
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With the discovery of Prostate Specific Antigen (PSA) tumor marker, PCa has been reportedly
diagnosed early in many asymptomatic patients on routine medical examination or screening
[78]. There are however varying controversies among experts on the usefulness or otherwise of
PSA screening for early prostate cancers [79]. For example, some investigators discovered that
annual PSA screening may result in commencing treatment for slow-growing prostate cancers,
or benign prostatic diseases, that are unlikely to threaten a man’s life, thereby exposing the
men needlessly to the potential adverse effects of over-treatment [80]. Nonetheless, PSA, digital
rectal examination and detailed medical history are still the preferred options in many settings
in conjunction with appropriate health education and promotion programmes [79]. Large
scale population-based prostate screening is not yet common in Africa, as resources are far too
limited to be diverted to cancer diagnosis in the face of other health challenges [65, 75, 81].
Many prostate cancer cases therefore present late with symptoms of local invasion or distant
metastasis [78].

According to Parkin et al., incidence data on cancers are better sourced jointly from hospi-
tal-based and population-based cancer registries, as this will allow new cancer cases to be
sourced from within and outside the hospital [23]. According to the WHO, many African
countries still do not have a functional cancer registration system [7]. The few cancer registries
in these regions only cover the urban cities and do not really spread to the rural areas [82]. In
fact, only 5 cancer registries from 5 African countries contributed to the first volume of “Can-
cer Incidence in Five Continents” [83, 84]. It was estimated that in 1990, only 5% of African
countries were covered by functional cancer registries, and this increased to about 20% in 2008
[6]. The WHO further reported that cancer registration globally has progressed haphazardly
over the last two decades as most countries do not have an official policy to support cancer reg-
istration [7]. Moreover, resource allocation for cancer registration is low in many developing
countries as this is perceived a luxury amidst other challenging health issues [84]. Vital regis-
tration systems are also important sources of mortality data on cancers [85]. Despite about
42% global vital registration coverage as at 1990, the current coverage in Africa has been
reported to be incomplete and unimaginably low [85]. The lack of data, coupled with availabil-
ity of funds, has further resulted in the dearth of basic and clinical research on PCa in Africa
[9]. There is limited number of clinical trials to test new treatments, and lack of support for
basic research to discover new therapeutic agents and predictive molecular diagnostics [17].
There are few valid and methodologically comprehensive epidemiological studies to systemati-
cally correct the profound lapses in population-based data on PCa incidence rates in Africa [9].

The treatment and overall management of PCa has been constrained by late presentation,
advanced disease, and scarcity of urologists, pathologists, radiotherapy and androgen-depriva-
tion therapies [86]. Bilateral total orchidectomy has been the preferred treatment option in
many African settings because it is relatively cheap and simple to perform, but this is still not
without its challenges [61]. In many African settings, urologists also lack the expertise to effec-
tively perform curative radical prostatectomies, and this is further complicated by the shortage
of artificial sphincters and relevant devices useful in management of possible complications
from the procedure [87, 88]. Radiotherapy has an important role in the management of PCa in
Africa [89]. However, oncologists have reported that the use of radiotherapy is limited in Africa
owing to lack of adequate medical infrastructure, specialty centres, radiotherapists and techni-
cal expertise in many African regions [90]. In 2013, research findings showed that only 23
countries in Africa offer radiotherapy, with external beam radiotherapy being the most widely
used [89]. Additionally, the use of chemotherapy in Africa is often limited by cost and non-
availability of the drugs [19]. Relatively newer therapies such as cryotherapy, high intensity
focused ultrasound, androgen biosynthesis inhibitors and therapeutic vaccines are yet to be
fully established in Africa [19, 61]. Even in many developed economies where some of these
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newer approaches are in use, there are reports that the responses are only temporary as patients
develop resistance resulting such as the metastatic castration-resistant prostate cancer [91, 92],
underscoring a need for yet more targeted therapies [93, 94]. Meanwhile, some palliative care
initiatives have been created in some parts of Africa. The African Palliative Care Association
(APCA) works with many African health care providers to relieve pains and improve overall
wellbeing of people at advanced stages of cancers and other terminal illnesses [95, 96]. How-
ever, reports have shown that these initiatives have been limited by the unavailability and unaf-
fordability of effective pain-relieving medications in many settings [95]. According to a 2004
survey, only five African countries have cancer palliative care programmes and/ or allow the
dispensing of oral morphine [96, 97], with this only increasing to 28 out 57 African countries
in 2010 [98]. It was further observed that with strong political will, increased funding, capacity
building and establishment of improved treatment facilities, sustainable palliative care pro-
grammes may be established in Africa [98], as this was the case in Uganda, which is presum-
ably the only country in the world where nurses are allowed to prescribe morphine [99].

Conclusion

Prostate cancer contributes significantly to the public health burden in Africa. Yet, due to data
gaps, the exact burden is still far from known. With continued urbanization, population growth
and increasing life expectancies in Africa, its burden is still expected to increase. The response
from the government of many African nations still remains a huge concern. There is need for
urgent re-prioritization of health programmes in Africa towards improving research and train-
ing, screening, diagnosis, treatment, cancer registration, data handling and the overall manage-
ment of prostate cancer in the region.

Supporting Information

S1 Checklist. PRISMA ChecKlist.
(DOC)

S1 Table. Dataset extracted from all studies. This table shows complete dataset extracted
from all studies retained in the review.
(DOC)

Author Contributions

Analyzed the data: DA RAD. Conceptualized the study: DA RAD. Conducted the literature
review: AVA AT AO. Contributed to writing of the final version: EEJI NO CKA.

References

1. Arbyn M, Castellsague X, de sanjose S, Bruni L, Saraiya M, Bray F, et al. Worldwide burden of cervical
cancer in 2008. Annals of Oncology. 2011; 22 (12) (pp 2675-2686)(mdr015). PMID: 2011654823. doi:
10.1093/annonc/mdr015

2. Parkin DM, Bray FI, Devesa SS. Cancer burden in the year 2000. The global picture. Eur J Cancer.
2001; 37 Suppl 8:54-66. Epub 2001/10/17. PMID: 11602373.

3. BrayF, Jemal A, Grey N, Ferlay J, Forman D. Global cancer transitions according to the Human Devel-
opment Index (2008—2030): a population-based study. Lancet Oncol. 2012; 13:790-801. doi: 10.1016/
S1470-2045(12)70211-5 PMID: 22658655

4. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortal-
ity worldwide: Sources, methods and major patterns in GLOBOCAN 2012. International Journal of Can-
cer. 2015; 136:E359—-E86. doi: 10.1002/ijc.29210 PMID: 25220842

5. Parkin DM, Hamdi-Che'rif M, Sitas F, Thomas JO, Wabinga H, Whelan SL. Cancer in Africa. IARC Sci-
entific Publication. 2003; No. 153.

PLOS ONE | DOI:10.1371/journal.pone.0153496  April 13,2016 13/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153496.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153496.s002
http://www.ncbi.nlm.nih.gov/pubmed/2011654823
http://dx.doi.org/10.1093/annonc/mdr015
http://www.ncbi.nlm.nih.gov/pubmed/11602373
http://dx.doi.org/10.1016/S1470-2045(12)70211-5
http://dx.doi.org/10.1016/S1470-2045(12)70211-5
http://www.ncbi.nlm.nih.gov/pubmed/22658655
http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842

@’PLOS ‘ ONE

Incidence of Prostate Cancer in Africa

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer
in 2008: GLOBOCAN 2008. Int J Cancer. 2010; 127(12):2893-917. Epub 2011/02/26. doi: 10.1002/ijc.
25516 PMID: 21351269.

World Health Organization. Cancer: fact sheets Geneva: WHO; 2013 [29 November 2013].

Farmer P, Frenk J, Knaul FM, Shulman LN, Alleyne G, Armstrong L, et al. Expansion of cancer care
and control in countries of low andmiddle income: a call to action. Lancet. 2010; 376:1186—93. doi: 10.
1016/S0140-6736(10)61152-X PMID: 20709386

Jemal A, Bray F, Forman D, O'Brien M, Ferlay J, Center M, et al. Cancer burden in Africa and opportuni-
ties for prevention. Cancer. 2012; 118(18):4372-84. Epub 2012/01/19. doi: 10.1002/cncr.27410 PMID:
22252462.

Beaglehole R, Bonita R, Alleyne G, Horton R, Li L, Lincoln P, et al. UN High-Level Meeting on Non-
Communicable Diseases: addressing four questions. Lancet. 2011; 378(9789):449-55. doi: 10.1016/
S0140-6736(11)60879-9 PMID: 21665266

de-Graft Aikins A, Unwin N, Agyemang C, Allotey P, Campbell C, Arhinful D. Tackling Africa's chronic
disease burden: From the local to the global. Globalization and Health. 2010; 6:5. doi: 10.1186/1744-
8603-6-5

Baade PD, Youlden DR, Krnjacki LJ. International epidemiology of prostate cancer: Geographical distri-
bution and secular trends. Molecular Nutrition and Food Research. 2009; 53(2):171-84. doi: 10.1002/
mnfr.200700511 PMID: 19101947

Global Burden of Disease Study 2013 Collaborators. Global, regional, and national incidence, preva-
lence, and years lived with disability for 301 acute and chronic diseases and injuries in 188 countries,
1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2015; S0140—
6736(15):60692—4.

GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national age—sex spe-
cific all-cause and cause-specifi ¢ mortality for 240 causes of death, 1990-2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet. 2015; 385:117-71. doi: 10.1016/S0140-6736(14)
61682-2 PMID: 25530442

Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the Global
Burden of Disease Study 2010. Lancet. 2012; 380(9859):2197—223. Epub 2012/12/19. doi: 10.1016/
s0140-6736(12)61689-4 PMID: 23245608.

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and regional mortality
from 235 causes of death for 20 age groups in 1990 and 2010: A systematic analysis for the Global Bur-
den of Disease Study 2010. The Lancet. 2012; 380 (9859):2095-128.

Odedina FT, Akinremi TO, Chinegwundoh F, Roberts R, Yu D, Reams RR, et al. Prostate cancer dis-
parities in Black men of African descent: a comparative literature review of prostate cancer burden
among Black men in the United States, Caribbean, United Kingdom, and West Africa. Infectious Agents
and Cancer. 2009; 4 Suppl 1:S2. doi: 10.1186/1750-9378-4-S1-S2 PMID: 19208207

Rebbeck TR, Devesa SS, Chang B-L, Bunker CH, Cheng I, Cooney K, et al. Global Patterns of Prostate
Cancer Incidence, Aggressiveness, and Mortality in Men of African Descent. Prostate Cancer. 2013;
2013:560857. doi: 10.1155/2013/560857 PMID: 23476788

Morhason-Bello |0, Odedina F, Rebbeck TR, Harford J, Dangou JM, Denny L, et al. Challenges and
opportunities in cancer control in Africa: a perspective from the African Organisation for Research and
Training in Cancer. Lancet Oncol. 2013; 14(4):142-51.

Center MM, Jemal A, Lortet-Tieulent J, Ward E, Ferlay J, Brawley O, et al. International variation in
prostate cancer incidence and mortality rates. European Urology. 2012; 61 (6):1079-92. doi: 10.1016/j.
eururo.2012.02.054

Adebamowo CA, Akarolo-Anthony S. Cancer in Africa: opportunities for collaborative research and
training. African Journal of Medicine & Medical Sciences. 2009; 38 Suppl 2:5-13. PMID: 20229733.

Haas GP, Delongchamps N, Brawley OW, Wang CY, de la Roza G. The worldwide epidemiology of
prostate cancer: perspectives from autopsy studies. Canadian Journal of Urology. 2008; 15(1):3866—
71. PMID: 18304396

Parkin DM. The evolution of the population-based cancer registry. Nat Rev Cancer. 2006; 6(8):603—12.
Epub 2006/07/25. doi: 10.1038/nrc1948 PMID: 16862191.

Rudan |, Campbell H, Marusic A, Sridhar D, Nair H, Adeloye D, et al. Assembling GHERG: Could “aca-
demic crowd—sourcing” address gaps in global health estimates? Journal of Global Health. 2015; 5
(1):010101. doi: 10.7189/jogh.05.010101 PMID: 26445671

PLOS ONE | DOI:10.1371/journal.pone.0153496  April 13,2016 14/18


http://dx.doi.org/10.1002/ijc.25516
http://dx.doi.org/10.1002/ijc.25516
http://www.ncbi.nlm.nih.gov/pubmed/21351269
http://dx.doi.org/10.1016/S0140-6736(10)61152-X
http://dx.doi.org/10.1016/S0140-6736(10)61152-X
http://www.ncbi.nlm.nih.gov/pubmed/20709386
http://dx.doi.org/10.1002/cncr.27410
http://www.ncbi.nlm.nih.gov/pubmed/22252462
http://dx.doi.org/10.1016/S0140-6736(11)60879-9
http://dx.doi.org/10.1016/S0140-6736(11)60879-9
http://www.ncbi.nlm.nih.gov/pubmed/21665266
http://dx.doi.org/10.1186/1744-8603-6-5
http://dx.doi.org/10.1186/1744-8603-6-5
http://dx.doi.org/10.1002/mnfr.200700511
http://dx.doi.org/10.1002/mnfr.200700511
http://www.ncbi.nlm.nih.gov/pubmed/19101947
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://www.ncbi.nlm.nih.gov/pubmed/25530442
http://dx.doi.org/10.1016/s0140-6736(12)61689-4
http://dx.doi.org/10.1016/s0140-6736(12)61689-4
http://www.ncbi.nlm.nih.gov/pubmed/23245608
http://dx.doi.org/10.1186/1750-9378-4-S1-S2
http://www.ncbi.nlm.nih.gov/pubmed/19208207
http://dx.doi.org/10.1155/2013/560857
http://www.ncbi.nlm.nih.gov/pubmed/23476788
http://dx.doi.org/10.1016/j.eururo.2012.02.054
http://dx.doi.org/10.1016/j.eururo.2012.02.054
http://www.ncbi.nlm.nih.gov/pubmed/20229733
http://www.ncbi.nlm.nih.gov/pubmed/18304396
http://dx.doi.org/10.1038/nrc1948
http://www.ncbi.nlm.nih.gov/pubmed/16862191
http://dx.doi.org/10.7189/jogh.05.010101
http://www.ncbi.nlm.nih.gov/pubmed/26445671

@’PLOS ‘ ONE

Incidence of Prostate Cancer in Africa

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Adeloye D. Without good data Africa will find it hard to fight non-infectious diseases: The Conversation;
2014 [18 August 2015]. Available from: http://theconversation.com/without-good-data-africa-will-find-it-
hard-to-fight-non-infectious-diseases-31543.

African Organization for Research and Training in Cancer, editor Cancer in Africa: Bridging Science
and Humanity. AORTIC 2013; 2013 21—24 November 2013; Durban, South Africa AORTIC;2013.

World Bank. World Bank list of economies (October 2013) Washington DC: World Bank; 2014 [07 Jan-
uary 2014]. Available from: http://data.worldbank.org/about/country-classifications/country-and-
lending-groups.

World Health Organization. International classification of diseases for oncology ( 1st ed). Geneva:
WHO; 1976.

IARC. International classification of diseases for oncology: morphology. Bethesda MD: National Can-
cer Institute; 1987.

Percy CL, Van Holten V, Muir CS. International classification of diseases for oncology (2nd ed). 2nd
ed. Geneva: WHO; 1990.

DerSimonian R, Laird N. Meta-Analysis in Clinical Trials. Controlled Clinical Trials. 1986; 7:177-88.
PMID: 3802833

Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred Reporting ltems for System-
atic Reviews and Meta-Analyses: The PRISMA Statement. Plos Med. 2009; 6(6):e1000097.

Angwafo FF, Yomi J, Mbakop A. Is cancer of the prostate rare in tropical (black) Africa? Case series
from the Centre Hospitalier et Universitaire and the Hospital General de Yaounde from 1986 to 1990.
Bull Cancer Radiother. 1994; 81(2):155-9. PMID: 7702897

Enow Orock GE, Ndom P, Doh AS. Current cancer incidence and trends in Yaounde, Cameroon.
Oncol Gastroenterol Hepatol Reports. 2012; 1(1):58-63.

Newton R, Ngilimana PJ, Grulich A, Beral V, Sindikubwabo B, Nganyira A, et al. Cancer in Rwanda. Int
J Cancer. 1996; 66(1):75-81. Epub 1996/03/28. doi: 10.1002/(sici)1097-0215(19960328)66:1<75::aid-
ijc14>3.0.co;2-a PMID: 8608971.

Parkin DM, Nambooze S, Wabwire-Mangen F, Wabinga HR. Changing cancer incidence in Kampala,
Uganda, 1991-2006. International Journal of Cancer. 2010; 126(5):1187-95. PMID: 19688826. doi:
10.1002/ijc.24838

Wabinga HR, Parkin DM, Wabwire-Mangen F, Nambooze S. Trends in cancer incidence in Kyadondo
County, Uganda, 1960—1997. British Journal of Cancer. 2000; 82(9):1585-92. PMID: 10789729;
PubMed Central PMCID: PMCSource: NLM. PMC2363394.

Soliman AS, Bondy ML, Raouf AA, Makram MA, Johnston DA, Levin B. Cancer mortality in Menofeia,
Egypt: Comparison with US mortality rates. Cancer Causes and Control. 1999; 10 (5):349-54.

El Mistiri M, Verdecchia A, Rashid |, El Sahli N, El Mangush M, Federico M. Cancer incidence in eastern
Libya: the first report from the Benghazi Cancer Registry, 2003. International Journal of Cancer. 2007;
120(2):392-7. PMID: 17066425.

El Mistiri M, Pirani M, El Sahli N, El Mangoush M, Attia A, Shembesh R, et al. Cancer profile in Eastern
Libya: incidence and mortality in the year 2004. Annals of Oncology. 2010; 21(9):1924—6. PMID:
20624785. doi: 10.1093/annonc/mdq334

Missaoui N, Trabelsi A, Parkin DM, Jaidene L, Chatti D, Mokni M, et al. Trends in the incidence of can-
cer in the Sousse region, Tunisia, 1993-2006. International Journal of Cancer. 2010; 127(11):2669-77.
PMID: 20521249. doi: 10.1002/ijc.25490

Banda LT, Parkin DM, Dzamalala CP, Liomba NG. Cancer incidence in Blantyre, Malawi 1994—1998.
Tropical Medicine & International Health. 2001; 6(4):296—-304. PMID: 11348520.

Babb C, Urban M, Kielkowski D, Kellett P. Prostate cancer in South Africa: pathology based national
cancer registry data (1986—2006) and mortality rates (1997-2009). Prostate Cancer. 2014;
2014:419801. doi: 10.1155/2014/419801 PMID: 24955252

Somdyala NI, Bradshaw D, Gelderblom WC, Parkin DM. Cancer incidence in a rural population of
South Africa, 1998—2002. International Journal of Cancer. 2010; 127(10):2420-9. PMID: 20162610.
doi: 10.1002/ijc.25246

Somdyala NIM, Parkin DM, Sithole N, Bradshaw D. Trends in cancer incidence in rural Eastern Cape
Province; South Africa, 1998—2012. International Journal of Cancer. 2015; 136(5):E470—4. doi: 10.
1002/ijc.29224 PMID: 25236502

Mgogi N. Cancer in South Africa, 1998—1999. Johannesburg: National Cancer Registry of South
Africa; 2004.

PLOS ONE | DOI:10.1371/journal.pone.0153496  April 13,2016 15/18


http://theconversation.com/without-good-data-africa-will-find-it-hard-to-fight-non-infectious-diseases-31543
http://theconversation.com/without-good-data-africa-will-find-it-hard-to-fight-non-infectious-diseases-31543
http://data.worldbank.org/about/country-classifications/country-and-lending-groups
http://data.worldbank.org/about/country-classifications/country-and-lending-groups
http://www.ncbi.nlm.nih.gov/pubmed/3802833
http://www.ncbi.nlm.nih.gov/pubmed/7702897
http://dx.doi.org/10.1002/(sici)1097-0215(19960328)66:1&lt;75::aid-ijc14&gt;3.0.co;2-a
http://dx.doi.org/10.1002/(sici)1097-0215(19960328)66:1&lt;75::aid-ijc14&gt;3.0.co;2-a
http://www.ncbi.nlm.nih.gov/pubmed/8608971
http://www.ncbi.nlm.nih.gov/pubmed/19688826
http://dx.doi.org/10.1002/ijc.24838
http://www.ncbi.nlm.nih.gov/pubmed/10789729
http://www.ncbi.nlm.nih.gov/pubmed/17066425
http://www.ncbi.nlm.nih.gov/pubmed/20624785
http://dx.doi.org/10.1093/annonc/mdq334
http://www.ncbi.nlm.nih.gov/pubmed/20521249
http://dx.doi.org/10.1002/ijc.25490
http://www.ncbi.nlm.nih.gov/pubmed/11348520
http://dx.doi.org/10.1155/2014/419801
http://www.ncbi.nlm.nih.gov/pubmed/24955252
http://www.ncbi.nlm.nih.gov/pubmed/20162610
http://dx.doi.org/10.1002/ijc.25246
http://dx.doi.org/10.1002/ijc.29224
http://dx.doi.org/10.1002/ijc.29224
http://www.ncbi.nlm.nih.gov/pubmed/25236502

@’PLOS ‘ ONE

Incidence of Prostate Cancer in Africa

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Parkin DM, Sitas F, Chirenje M, Stein L, Abratt R, Wabinga H. Part I: Cancer in Indigenous Africans—
burden, distribution, and trends. Lancet Oncology. 2008; 9(7):683-92. PMID: 18598933. doi: 10.1016/
S1470-2045(08)70175-X

Bowa K, Kachimba JS, Labib MA, Mudenda V, Chikwenya M. The Pattern of Urological Cancers in
Zambia. African Journal of Urology. 2009; 15(2):84-7.

Bassett MT, Chokunonga E, Mauchaza B, Levy L, Ferlay J, Parkin DM. Cancer in the African popula-
tion of Harare, Zimbabwe, 1990-1992. Int J Cancer. 1995; 63(1):29-36. Epub 1995/09/27. PMID:
7558448.

Chokunonga E, Levy LM, Bassett MT, Mauchaza BG, Thomas DB, Parkin DM. Cancer incidence in the
African population of Harare, Zimbabwe: second results from the cancer registry 1993—-1995. Interna-
tional Journal of Cancer. 2000; 85(1):54—9. PMID: 10585583.

Echimane AK, Ahnoux AA, Adoubi |, Hien S, M'Bra K, D'Horpock A, et al. Cancer incidence in Abidjan,
Ivory Coast: First results from the cancer registry, 1995-1997. Cancer. 2000; 89 (3):653-63.

Bah E, Parkin DM, Hall AJ, Jack AD, Whittle H. Cancer in the Gambia: 1988—97. British Journal of Can-
cer. 2001; 84(9):1207—-14. PMID: 11336472; PubMed Central PMCID: PMCSource: NLM.
PMC2363873.

Sighoko D, Curado MP, Bourgeois D, Mendy M, Hainaut P, Bah E. Increase in female liver cancer in
the Gambia, West Africa: evidence from 19 years of population-based cancer registration (1988—-2006).
PloS one. 2011; 6 (4):e18415. PMID: 21490972. doi: 10.1371/journal.pone.0018415

Koulibaly M, Kabba IS, Cisse A, Diallo SB, Diallo MB, Keita N, et al. Cancer incidence in Conakry,
Guinea: first results from the Cancer Registry 1992—1995. International Journal of Cancer. 1997; 70
(1):39-45. PMID: 8985088.

Bayo S, Parkin DM, Koumare AK, Diallo AN, Ba T, Soumare S, et al. Cancer in Mali, 1987—-1988. Inter-
national Journal of Cancer. 1990; 45(4):679-84. PMID: 2323845.

Ifere GO, Abebe F, Ananaba GA. Emergent trends in the reported incidence of prostate cancer in Nige-
ria. Clinical Epidemiology. 2012; 4:19-32. doi: 10.2147/CLEP.S23536 PMID: 22291480

Ogunbiyi JO, Shittu OB. Increased incidence of prostate cancer in Nigerians. Journal of the National
Medical Association. 1999; 91(3):159-64. PMID: 10203918; PubMed Central PMCID: PMCSource:
NLM. PMC2608450.

Osegbe DN. Prostate cancer in Nigerians: facts and nonfacts. Journal of Urology. 1997; 157(4):1340—
3. PMID: 9120935

Jedy-Agba E, Curado MP, Ogunbiyi O, Oga E, Fabowale T, Igbinoba F, et al. Cancer incidence in Nige-
ria: A report from population-based cancer registries. Cancer Epidemiology. 2012; 36 (5):271-8.

Ekwere PD, Egbe SN. The changing pattern of prostate cancer in Nigerians: current status in the south-
eastern states. Journal of the National Medical Association. 2002; 94(7):619-27. PMID: 12126288

Badmus TA, Adesunkanmi ARK, Yusuf BM, Oseni GO, Eziyi AK, Bakare TIB, et al. Burden of prostate
cancer in southwestern Nigeria. Urology. 2010; 76(2):412—6. doi: 10.1016/j.urology.2010.03.020
PMID: 20451979

Mohammed AZ, Alhassan SU, Edino ST, Ochicha O. Histopathological review of prostatic diseases in
Kano, Nigeria. The Nigerian Postgraduate Medical Journal. 2003; 10(1):1-5. PMID: 12717456

Mohammed AZ, Edino S, Ochicha O, Gwarzo A, Samaila AA. Cancer in Nigeria: a 10-year analysis of
the Kano cancer registry. Nigerian Journal of Medicine. 2008; 17(3):280—-4. PMID: 18788253

Popoola AO, Omodele FO, Oludara MA, Ibrahim NA, Igwilo Al, Makanjuola SBL. Prevalence and Pat-
tern of Cancers among Adults Attending a Tertiary Health Institution in Lagos, Nigeria. Journal of Dental
and Medical Sciences. 2013; 6(3):68-73.

Ikuerowo SO, Omisanjo OA, Bioku MJ, Ajala MO, Mordi VPN, Esho JO. Prevalence and characteristics
of prostate cancer among participants of a community-based screening in Nigeria using serum prostate
specific antigen and digital rectal examination. Pan African Medical Journal. 2013; 15:129. doi: 10.
11604/pamj.2013.15.129.2489 PMID: 24255735

Yawe KT, Tahir MB, Nggada HA. Prostate cancer in Maiduguri. West African Journal of Medicine.
2006; 25(4):298-300. PMID: 17402521

Nwofor AME, Oranusi CK. Cancer Of The Prostate: Experience At Nnewi, Southeast, Nigeria. Nigerian
Journal of Clinical Practice. 2004; 7:2.

Eke N, Sapira MK. Prostate cancer in Port Harcourt, Nigeria: features and outcome. Nigerian Journal of
Surgical Research. 2002; 4:1.

Obiorah CC, Nwosu SO. A histopathological study of carcinoma of the prostate in Port Harcourt, Nige-
ria. Nigerian Journal of Clinical Practice. 2011; 14(3):363-7. doi: 10.4103/1119-3077.86785 PMID:
22037086

PLOS ONE | DOI:10.1371/journal.pone.0153496  April 13,2016 16/18


http://www.ncbi.nlm.nih.gov/pubmed/18598933
http://dx.doi.org/10.1016/S1470-2045(08)70175-X
http://dx.doi.org/10.1016/S1470-2045(08)70175-X
http://www.ncbi.nlm.nih.gov/pubmed/7558448
http://www.ncbi.nlm.nih.gov/pubmed/10585583
http://www.ncbi.nlm.nih.gov/pubmed/11336472
http://www.ncbi.nlm.nih.gov/pubmed/21490972
http://dx.doi.org/10.1371/journal.pone.0018415
http://www.ncbi.nlm.nih.gov/pubmed/8985088
http://www.ncbi.nlm.nih.gov/pubmed/2323845
http://dx.doi.org/10.2147/CLEP.S23536
http://www.ncbi.nlm.nih.gov/pubmed/22291480
http://www.ncbi.nlm.nih.gov/pubmed/10203918
http://www.ncbi.nlm.nih.gov/pubmed/9120935
http://www.ncbi.nlm.nih.gov/pubmed/12126288
http://dx.doi.org/10.1016/j.urology.2010.03.020
http://www.ncbi.nlm.nih.gov/pubmed/20451979
http://www.ncbi.nlm.nih.gov/pubmed/12717456
http://www.ncbi.nlm.nih.gov/pubmed/18788253
http://dx.doi.org/10.11604/pamj.2013.15.129.2489
http://dx.doi.org/10.11604/pamj.2013.15.129.2489
http://www.ncbi.nlm.nih.gov/pubmed/24255735
http://www.ncbi.nlm.nih.gov/pubmed/17402521
http://dx.doi.org/10.4103/1119-3077.86785
http://www.ncbi.nlm.nih.gov/pubmed/22037086

@’PLOS ‘ ONE

Incidence of Prostate Cancer in Africa

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Akaiso IOE, Ukpong AE, Umanah |, Ekpo M, Essiet IU, Ibiok IA, et al. Prostate Cancer in University of
Uyo Teaching Hospital, Uyo. Abstracts of Joint NSRS/ASON Meeting of July 2013. Nigerian Journal of
Surgery. 2013; 19(2):88—100.

Oluwole OP, Rafindadi AH, Shehu MS, Samaila MOA. A ten-year study of prostate cancer specimens
at Ahmadu Bello University Teaching Hospital (A.B.U.T.H), Zaria, Nigeria. African Journal of Urology.
2015;21(1):15-8.

Afolayan EA. Five years of Cancer Registration at Zaria (1992—1996). Nigerian Postgraduate Medical
Journal. 2004; 11(3):225-9. PMID: 15505657

Adeloye D. Key challenges of evidence-based medicine in developing countries. Research Journal of
Health Sciences. 2015; 3(3):139-48.

Pisani P, Parkin DM, Bray F, Ferlay J. Estimates of the worldwide mortality from 25 cancers in 1990.
[Erratum appears in Int J Cancer 1999 Dec 10;83(6):870-3]. International Journal of Cancer. 1999; 83
(1):18—29. PMID: 10449602.

Chu LW, Ritchey J, Devesa SS, Quraishi SM, Zhang H, Hsing AW. Prostate cancer incidence rates in
Africa. Prostate Cancer. 2011;2011:947870. doi: 10.1155/2011/947870

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005; 55
(2):74—108. Epub 2005/03/12. PMID: 15761078.

Cazap E. Screening and cancer prevention in underdeveloped environments: A global view. Cancer
Research Conference: 103rd Annual Meeting of the American Association for Cancer Research,
AACR. 2012;72(8 SUPPL. 1).

Salako AA, Arowolo OA, Omonisi E, Adisa A, Titiloye NA, Adelusola K. Incidental carcinoma of the
prostate gland presenting with initial manifestation of disseminated intravascular coagulopathy (DIC) in
a middle aged man: a case report. Cases Journal. 2009; 2:144—7. doi: 10.1186/1757-1626-2-144
PMID: 19292908

Barry MJ. Clinical practice. Prostate-specific-antigen testing for early diagnosis of prostate cancer. New
England Journal of Medicine. 2001; 344(18):1373—7. PMID: 11333995

Andriole GL, Crawford ED, Grubb RL, Buys SS, Chia D, Church TR, et al. Prostate cancer screening in
the randomized Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial: mortality results after
13 years of follow-up. Journal of the National Cancer Institute. 2012; 104(2):125-32. doi: 10.1093/|nci/
djr500 PMID: 22228146

Hsing AW, Yeboah E, Biritwum R, Tettey Y, De Marzo AM, Adjei A, et al. High Prevalence of Screen
Detected Prostate Cancer in West Africans: Implications for Racial Disparity of Prostate Cancer. Jour-
nal of Urology. 2014; 192(3):730-35. doi: 10.1016/j.juro.2014.04.017 PMID: 24747091

Awadelkarim KD, Mariani-Costantini R, Elwali NE. Cancer in the Sudan: An overview of the current sta-
tus of knowledge on tumor patterns and risk factors. Science of the Total Environment. 2010; 423
(2012):214-28.

Whelan SL, Ferlay J. Cancer Incidence in Five Continents. Age-specific and standardized incidence
rates. IARC Scientific Publications. 1992;(120: ):178-861. PMID: 1284601.

Valsecchi MG, Steliarova-Foucher E. Cancer registration in developing countries: luxury or necessity?
Lancet Oncol. 2008; 9:156—67.

Parkin DM. Global cancer statistics in the year 2000. Lancet Oncol. 2001; 2(9):533—43. Epub 2002/03/
22. doi: 10.1016/s1470-2045(01)00486-7 PMID: 11905707.

Kingham TP, Alatise Ol, Vanderpuye V, Casper C, Abantanga FA, Kamara TB, et al. Treatment of can-
cer in sub-Saharan Africa. The Lancet Oncology. 2013; 14(4):e158—€67. doi: 10.1016/S1470-2045(12)
70472-2 PMID: 23561747

Ruenes A Jr, Gueye SM. Teaching radical prostatectomy in sub-Saharan Africa. Canadian Journal of
Urology. 2008; 15(1):3886—9. PMID: 18304399

Kyei MY, Mensah E, Gepi-Attee S, Kwami D, Ampadu K, Asante E, et al. Outcomes after Radical Pros-
tatectomy in Ghanaians: A Surgeon's Early Experience. ISRN Urology. 2013; 2013:832496. doi: 10.
1155/2013/832496 PMID: 23710370

Abdel-Wahab M, Bourque J-M, Pynda Y, Izewska J, Merwe DVd, Zubizarreta E, et al. Status of radio-
therapy resources in Africa: an International Atomic Energy Agency Analysis. Lancet Oncol. 2013; 14:
e168-75. doi: 10.1016/S1470-2045(12)70532-6 PMID: 23561748

Boyle P, Anderson BO, Andersson LC, Ariyaratne Y, Auleley GR, Barbacid M, et al. Need for global
action for cancer control. Annals of Oncology. 2008; 19 (9):1519-21. doi: 10.1093/annonc/mdn426

Ahmed A, Ali S, Sarkar F. Advances in androgen receptor targeted therapy for prostate cancer. J Cell
Physiol. 2014; 229(3):271-6. doi: 10.1002/jcp.24456 PMID: 24037862

PLOS ONE | DOI:10.1371/journal.pone.0153496  April 13,2016 17/18


http://www.ncbi.nlm.nih.gov/pubmed/15505657
http://www.ncbi.nlm.nih.gov/pubmed/10449602
http://dx.doi.org/10.1155/2011/947870
http://www.ncbi.nlm.nih.gov/pubmed/15761078
http://dx.doi.org/10.1186/1757-1626-2-144
http://www.ncbi.nlm.nih.gov/pubmed/19292908
http://www.ncbi.nlm.nih.gov/pubmed/11333995
http://dx.doi.org/10.1093/jnci/djr500
http://dx.doi.org/10.1093/jnci/djr500
http://www.ncbi.nlm.nih.gov/pubmed/22228146
http://dx.doi.org/10.1016/j.juro.2014.04.017
http://www.ncbi.nlm.nih.gov/pubmed/24747091
http://www.ncbi.nlm.nih.gov/pubmed/1284601
http://dx.doi.org/10.1016/s1470-2045(01)00486-7
http://www.ncbi.nlm.nih.gov/pubmed/11905707
http://dx.doi.org/10.1016/S1470-2045(12)70472-2
http://dx.doi.org/10.1016/S1470-2045(12)70472-2
http://www.ncbi.nlm.nih.gov/pubmed/23561747
http://www.ncbi.nlm.nih.gov/pubmed/18304399
http://dx.doi.org/10.1155/2013/832496
http://dx.doi.org/10.1155/2013/832496
http://www.ncbi.nlm.nih.gov/pubmed/23710370
http://dx.doi.org/10.1016/S1470-2045(12)70532-6
http://www.ncbi.nlm.nih.gov/pubmed/23561748
http://dx.doi.org/10.1093/annonc/mdn426
http://dx.doi.org/10.1002/jcp.24456
http://www.ncbi.nlm.nih.gov/pubmed/24037862

@’PLOS ‘ ONE

Incidence of Prostate Cancer in Africa

92.

93.

94.

95.

96.

97.

98.

99.

Cereda V, Formica V, Massimiani G, Tosetto L, Roselli M. Targeting metastatic castration-resistant
prostate cancer: mechanisms of progression and novel early therapeutic approaches. Expert Opin
Investig Drugs. 2014; 23:469-87. doi: 10.1517/13543784.2014.885950 PMID: 24490883

Dassie JP, Hernandez LI, Thomas GS, Long ME, Rockey WM, Howell CA, et al. Targeted inhibition of
prostate cancer metastasis with an RNA aptamer to prostate-specific membrane antigen. Molecular
Therapy. 2014; 22(11):1910-22. doi: 10.1038/mt.2014.117 PMID: 24954476

Derleth C, Yu EY. Targeted therapy in the treatment of castration-resistant prostate cancer. Oncology.
2013;27(7):620-8. PMID: 23977754

O’Brien M, Mwangi-Powell F, Adewole IF, Soyannwo O, Amandua J, Ogaja E, et al. Improving access
to analgesic drugs for patients with cancer in sub-Saharan Africa. Lancet Oncol. 2013; 14:e176-82.
doi: 10.1016/S1470-2045(12)70343-1 PMID: 23561749

Harding R, Selman L, Powell RA, Namisango E, Downing J, Merriman A, et al. Research into palliative
care in sub-Saharan Africa. Lancet Oncol. 2013; 14:e183-88. doi: 10.1016/S1470-2045(12)70396-0
PMID: 23561750

Wright M, Wood J, Lynch T, Clark D. Mapping Levels of Palliative Care Development: A Global View. J
Pain Symptom Manage. 2008; 35(5):469-85. doi: 10.1016/j.jpainsymman.2007.06.006 PMID:
18243637

GrantL, Downing J, Namukwaya E, Leng M, Murray SA. Palliative care in Africa since 2005: good prog-
ress, but much further to go. BMJ Supportive & Palliative Care. 2011; 1:118-22.

Morris K. Cancer? In Africa? Lancet Oncol. 2003; 4:5. PMID: 12517528

PLOS ONE | DOI:10.1371/journal.pone.0153496  April 13,2016 18/18


http://dx.doi.org/10.1517/13543784.2014.885950
http://www.ncbi.nlm.nih.gov/pubmed/24490883
http://dx.doi.org/10.1038/mt.2014.117
http://www.ncbi.nlm.nih.gov/pubmed/24954476
http://www.ncbi.nlm.nih.gov/pubmed/23977754
http://dx.doi.org/10.1016/S1470-2045(12)70343-1
http://www.ncbi.nlm.nih.gov/pubmed/23561749
http://dx.doi.org/10.1016/S1470-2045(12)70396-0
http://www.ncbi.nlm.nih.gov/pubmed/23561750
http://dx.doi.org/10.1016/j.jpainsymman.2007.06.006
http://www.ncbi.nlm.nih.gov/pubmed/18243637
http://www.ncbi.nlm.nih.gov/pubmed/12517528

